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© A voltage detecting device. 



© A voltage detecting device for detecting voltages 
in an object under test including an electro-optic 
material covering a plurality of parts of the object 
under test; the refractive index of the electro-optic 
material being variable according to an applied volt- 
age. A light source emits light through the electro- 
^ optic material toward the object under test and a 
^detecting device receives an emergent light beam 
^reflected from within the electro-optic material in 
CO order to detect voltages in the object. Further, a 
^scanning device automatically scans the object un- 
g^der test with the light beam in order to detect 
O) voltages at a plurality of locations on the object. 
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A VOLTAGE DETECTING DEVICE 



BACKGROUND OF THE INVENTION 



(Field of the Invention) 

f 

This invention relates to a voltage detecting 
deviqe for detecting a voltage developed at a pre- w 
determined part of an object under measurement 
such as an integrated circuit, and more particularly 
to a yoltage detecting device that utilizes the princi- 
ple that the polarization of a light beam is changed 
by a voltage developed at a predetermined part of is 
an object under test. 



(Prior Art) 

A variety of voltage detecting devices have 
been employed for detecting a voltage developed 
at a predetermined part of an object under mea- 
surement such as an integrated circuit.. One exam- 
ple of a voltage detecting device of this type, which 
has been developed recently, detects the voltage 
of an object under test by utilizing the principle that 
the polarization of a light beam is changed by a 
— \^tage^rcvided~^t-a-predetermtned — part~of~ari 
object under measurement. A voltage detecting 
device of this type is disclosed in Japanese Unex- 
amined Patent Application No.1 37317 87 filed on 
May 30. 1987. 

An optical probe having an extremely small 
sectional area includes an electro-optic material 
that has a refractive index that is affected by the 
voltage of an object under test. A light beam with a 
predetermined polarization component is applied to 
the electro-optic material, and variations in polariza- 
tion of the light beam caused by the change in 
refractive index of the electro-optic material is de- 
tected for measurement of a voltage developed at 
one part of the object under test. Such a device is 
shown in FIG. 1. 

The voltage detecting device 50. as shown in 
FIG. 1. comprises an optical probe 52, a light 
source 53 for example, a laser diode, an optical 
fiber 51 for leading the output light beam of the 
light source 53 through a condenser lens 60 to the 
optical probe 52, and a detector 55 to which a 
reference light beam REF and an emergent light 
beam SG from the optical probe 52 are applied. 

The optical probe 52 is formed from an electro- 
optic material 62 of an optically uniaxial crystal 
such as lithium tantalate (LiTaOs). and has an end 
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portion 63 tapered like a truncated cone. A conduc- 
tive electrode 64 is formed on the outer cylindrical 
wail of the optica! probe 52. A reflecting mirror 65 
of dielectric multi-layer film or metal film is bonded 
to the top of the end portion 63. 

The optical probe 52 further includes a collima- 
tor 94. condenser lenses 95 and 96. a polarizer 54 
for extracting a light beam having a predetermined 
polarization component out of the output light 
beams of the collimator 94. and a beam splitter 56 
that divides the output light beam of the polarizer 
54 into the reference light beam REF and an in- 
cident light beam IN and applies an emergent light 
beam from the electro-optic material 62 to an ana- 
lyzer 57. The reference light beam REF and the 
output light beam SG are applied through the con- 
denser lenses 95 and 96 and the optical fiberg 58 
and 59, respectively, to the detector 55. 

In operation, the conductive electrode 64 of the 
optical probe 52 is held at ground potential. Under 
this condition, the end portion 63 of the optical 
probe 52 is placed near an object under test, for 
instance an integrated circuit (not shown). As a 
result, the refractive index of the end portion 63 of 
the electro-optic material 62 in the optical probe 52 
is changed. More specifically, in the optically un- 
iaxial crystal, the difference between the refractive 
index of an ordinary light beam and that of an 
ircfinary irgfitTbeam m a plane perpendicu I ar 
to the light-traveling direction is changed. 

The output light beam of the light source 53 is 
applied through the condenser lens 60 and the 
optical fiber 51 to the collimator 94. The output 
light beam of the collimator 94 is applied to the 
polarizer 54. where it is converted into a light beam 
having a predetermined polarization component 
and an intensity of I. The output light beam of the 
polarizer 54 is applied through the beam splitter 56 
to the electro-optic material 62 in the optical probe 
52. Each of the reference light and the input light 
provided by the beam splitter 56 has an intensity of 
I/2. 

As described above, the refractive index of the 
end portion 63 of the electro-optic material 62 is 
affected by the voltage of the object. Therefore, the 
incident light beam IN applied to the electro-optic 
material 62 is changed in polarization with the 
refractive index of the end portion 63 of the electro- 
optic material 62, and reflected by the reflecting 
mirror 65. The reflected light beam is allowed to 
advance, as an emergent light beam, to the beam 
splitter 56. The polarization of the incident light 
beam IN changes in proportion to the difference in 
refractive index between the ordinary light beam 
and the extraordinary light beam (a light beam 
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passing through electro-optic materiel wherein the 
polarization has been changed due to the voltage 
of the test object) which is caused by the voltage 
of the test object and a value 21 (where t is the 
length of the end portion 63 of the electro-optic 5 
material 62). 

The emergent light beam is applied to the 
analyzer 57 by the beam splitter 56. The intensity 
of the emergent light beam applied to the analyzer 
57 is reduced to 1/4 by the beam splitter 56. In the io 
case where the analyzer 57 is designed to transmit 
only a light beam having a polarization component 
perpendicular to the polarization component of the 
polarizer 54, the intensity 1/4 of the emergent light 
beam applied to the analyzer 57 is converted into is 
(1/4) sin 2 [(ir/2)«VA/ 0 )] (where V is the voltage of the 
object under test, and V 0 is the half-wave voltage 
by the analyzer. 

The intensity (1/4) « sin 2 [(tt/2)V/V 0 ] of the 
emergent light beam SG changes with the refrac- 20 
tive index of the end portion 63 of the electro-optic 
material 62 which changes with the voltage of the 
object. Therefore, the detector 55 can detect the 
voltage provided at the predetermined part of the 
test object, such as an integrated circuit. 25 

As described above, with the voltage detecting 
device 50 shown in FIG. 1 . a voltage provided at a 
predetermined part of an object under test is de- 
tected from the change in refractive index of the 
end portion 63 of the electro-optic material 62 30 
caused by placing the end portion 63 near the 
predetermined part of the object. Therefore, in the 
case where it is difficult to bring the o ptical probe 
into contact with a small part of an object under 
test, such as an integrated circuit, or where touch- as 
ing the test object with the optical probe may 
adversely affect the detection of the voltage, the 
voltage can be positively detected with the optical 
probe set apart form the object. 

If a pulse light source such as a laser diode 40 
outputing a pulse light beam having an extremely 
small pulse width is employed as the light source 
53 to detect high-speed voltage changes in the 
object under test when sampled at extremely short 
time intervals, or if a CW (Continuous-Wave) light 45 
source is employed as the light source 53 while a 
high-speed response detector such as a streak 
camera is used as the detector 55 so that high- 
speed voltage changes of the object may be mea- 
sured with high time resolution, then high-speed so 
voltage changes can be detected with high accu- 
racy. 

In the voltage detecting device 50 shown in 
FIG. 1, the optical probe 52 is extremely small in 
cross section, and the device 50 is provided for 55 
measurement of a voltage provided at only one 
point (position) of an object. Accordingly, when it is 
required to measure voltages at a plurality of points 



of an object, the operator, must manually move the 
optical probe 52 to each of the points on the 
object. This manual movement of the optical probe 
is rather troublesome and time consuming. 

Thus, the conventional' voltage detecting device 
cannot be used to detect the voltages at a plurality 
of locations or parts of an object under test simulta- 
neously. Also, it is physically difficult to miniaturize 
the optical probe, and it is difficult to improve the 
spatial resolution and thereby improve voltage 
measurement accuracy. 

SUMMARY OF THE INVENTION 



An object of the present invention is. a voltage 
detecting device that can readily detect voltages at 
a plurality of points of an object under test. 

Another object of the present invention is a 
voltage detecting device having improved spatial 
resolution to enable the detection of voltages in an 
object under test with high accuracy. 

A further object of the present invention is a 
voltage detecting device that can simultaneously 
detect voltages at a plurality of two-dimensional 
parts of an object under test. 

In order to achieve the foregoing and other 
objects, the voltage detecting device of the present 
invention comprises: an electro-optic material 
adapted to be disposed to cover a plurality of parts 
of the object under test, said electro-optic material 
having a refractive index that varies according to a 
voltage applied thereto; a light source for emitting a 
light beam through said electro-optic material to- 
ward the object under test; detecting means for 
receiving an emergent light beam reflected from 
within said electro-optic material for detecting vol- 
tages in the object under test; and scanning means 
for scanning said light beam emitted by said light 
source over a plurality of points on said electro- 
optic material so as to detect voltages at the plural- 
ity of parts of the object under test. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The manner by which the above objects and 
other objects, features, and advantages of the 
present invention are attained will be fully apparent 
from the following detailed description when con- 
sidered in view of the drawings, wherein: 

FIG. 1 is an illustration of a voltage detecting 
device over which the present invention is an im- 
provement; 
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FIG. 2 is an illustration of an embodiment of 
a voltage detecting device according to the present 
invention; 

FIG. 3 is an explanatory diagram of an 
electro-cptic material scanning method performed 
by the voltage detecting device of the present 
invention; 

FIG. 4 is an illustration of a modification of 
the voltage-detecting device of the present inven- 
tion: 

■ FIG. 5 is an illustration of another embodi- 
ment of a voltage detecting device according to the 
present invention; 

* FIG. 6 is an illustration of further embodi- 
ment of a voltage detecting device according to the 
present invention which employs a pulse light 
source and a two-dimensional detector; 

FIG. 7 is an illustration of a streak camera as 
used in the voltage detecting device of FIG. 6; 

'< FIG. 8 is an illustration of a voltage-detecting 
device according to the present invention which 
displays the distribution of voltages provided at 
two-dimensional parts of an object under test in 
superposition with the wiring pattern of the object; 

FIGS. 9(a) and 9(b) are explanatory dia- 
grams showing the distributions of voltage detected 
at different sampling times as displayed by the 
voltage detecting device of FIG. 8; 

FIG. 10 is an illustration of still further em- 
bodiment of a voltage detecting device according 
to the present invention; 

FIG. 11 is an illustration of still further em- 



bodiment of a voltage detecting device according 
to the present invention; 

FIG. 12 is an illustration of still further em- 
bodiment of a voltage detecting device according 
to the present invention; and 

FIG. 13 is an illustration of still further em- 
bodiment of a voltage detecting device according 
to the present invention. 



DETAILED DESCRIPTION OF THE INVENTION 



In a voltage detecting device provided accord- 
ing to the present invention, an electro-optic ma- 
terial may be placed to cover a plurality of parts or 
locations of an object under measurement to detect 
the voltages at those parts or locations. A light 
beam emitted from a light source is uniformly 
applied as parallel rays of light to parts or locations 
of the electro-optic material which correspond in 
position to the plurality of two-dimensional parts or 
locations of the object and variations in the po- 
larization of emergent rays of light from the two- 
dimensional parts of the electro-optic material are 
detected with a detector. 



A voltage detecting device provided according 
to another aspect of the present invention com- 
prises an observing light source for outputing a 
light beam different in wavelength from the above- 

5 described light source (pulse light source) for use 
in observing a wiring pattern of the object under 
test. Switching means apply one of the light beams 
outputted by the observing light source and the 
pulge light source to the electro-optic material and 

10 when the wiring pattern of the object is observed, 
phase compensating means adjusts the phase of 
the emergent rays of light so as to be different 
from that which is provided when the variations in 
polarization of the emergent rays of light are de- 

is tected. A display means displays the voltages of 
the two-dimensional parts of the object which are 
measured from the variations in polarization of the 
emergent rays of light, in superposition with the 
wiring pattern of the object that is observed with 

20 the detector, and variable delay means shift the 
timing of application of the light beam from the 
pulse light source to the electro-optic material, for 
the purpose of measuring, in a sampling mode, the 
variation of the voltages provided at the two-dimen- 

25 sional parts of the object. 

In the voltage detecting device of the present 
invention, the electro-optic material is first posi- 
tioned to cover a plurality of parts of an object 
under test the voltages of which should be de- 

30 tected. and the electro-optic material is scanned 
with a light beam in such a manner that the light 
beam is app lied tq^ the parts of the e lectro -optic 
material which correspond in position to the plural- 
ity of parts of the object. The electro-optic material 

35 scanning operation may be achieved by deflecting 
the light beam with movable mirrors or acousto- 
optical reflectors, or by moving the electro-optic 
material and the object The voltages of the plural- 
ity of parts of the object can be readily detected 

40 from the variations in polarization of emergent light 
beams from the parts of the electro-optic material. 
Furthermore, the light beam can be applied to the 
electro-optic material while being focused thereon. 
Therefore, the device of the invention provides high 

45 spatial resolution, and can detect voltages with high 
accuracy. 

The output light beam of the light source may 
also be applied by means of a micro-lens array, 
holographic lens, or spatial light modulator, as in- 

50 cident rays of light arranged in a desired pattern, to 
the parts of the electro-optic material which cor- 
respond in position to the predetermined parts of 
the object. In this operation, the refractive indexes 
of the parts of the electro-optic material have been 

55 changed by the voltages provided at the corre- 
sponding parts of the object. Therefore, the in- 
cident rays of light applied to the parts of the 
electro-optic material are changed in polarization 
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by the variations in refractive index of the parts of 
the electro-optic material, and are outputted. as 
emergent rays of light, from the electro-optic ma- 
teria!. These emergent rays of light are applied to 
the detector, such as a two-dimensional 
photodetector or streak camera, and the voltages 
provided at the predetermined parts, such as two- 
dimensional parts, of the object can be simulta- 
neously detected with the detector. 

, As a further aspect of the voltage detecting 
device provided according to the present invention, 
voltages provided at two-dimensional parts of the 
object under test are displayed in superposition 
with the wiring pattern of the object. For this pur- 
pose, in order to observe the wiring pattern of the 
object, a switching means is operated so that the 
output light beam of the observing light source is 
applied to the electro-optic material, and the phase 
of the emergent rays of light is adjusted for ob- 
servation by the phase compensating means. As a 
result, the light beam from the observing light 
source is applied, as parallel rays of light, to the 
electro-optic material. The parallel rays of light 
reach the surface of the object through the electro- 
optic material. A dielectric multi-layer film mirror, 
which reflects the output light beam of the pulse 
light source more strongly than the output light 
beam of the observing light source, is formed on 
the bottom surface of the electro-optic material. 
Some of the parallel rays of light applied to the 
surface of the object are reflected by the wiring 
pattern of the object and outputted, as emergent 
_ray5-of-light,-from_the_electro=optiC-materiaL _The_ 
emergent rays of light from the electro-optic ma- 
terial are applied through the phase compensating 
means to the two-dimensional detector, where they 
are detected as visible image data of the wiring 
pattern of the object 

After the visible image data of the wiring pat- 
tern of the object has been detected in this man- 
ner, in order to detect the voltages of the two- 
dimensional parts of the object, the switching 
means is operated so that the output light beam of 
the pulge light source is applied to the electro-optic 
material, and the phase of the emergent rays of 
light is adjusted for voltage detection by the phase 
compensating means. In this case, the operation of 
the object must be in synchronization with the 
pulse light beam. As a result, the voltages of the 
two-dimensional parts of the object at one sampling 
time instant are detected. Thereafter, the display 
means displays on a display unit, or the like, the 
wiring pattern of the object detected by the detec- 
tor, and further displays the voltages of the object 
measured at. the one sampling time instant in 
superposition with the wiring pattern of the object 
thus displayed. Then, the output light beam of the 
pulse light source is briefly delayed by the variable 



delay means, so that the voltages of the two- 
dimensional parts of the object are detected at the 
time instant that occurs somewhat after the preced- 
ing sampling time instant, and are displayed by the 
5 display means. Thus, the variations of the voltages 
at the two-dimensional parts of the object can be 
observed on the display screen in such a manner 
that they are superimposed on the wiring pattern of 
the object. 

io In the voltage detecting device 1, as shown in 

FIG. 2. an electro-optic material 2 is held near or in 
contact with an object 3 under test, e.g., an in- 
tegrated circuit. The electro-optic material 2 is 
shaped like a plate or a prism, and its section is 

is much larger than the section of the electro-optic 
material 62 in the optical probe 52 of the voltage 
detector 50 shown in FIG. 1 . Thus, the material 2 is 
large enough to cover plurality of measurement 
points on the object 3. A reflecting mirror 8 of a 

20 metal or dielectric multi-layer film is formed on the 
bottom surface of the electro-optic material 2. In 
the case where the reflecting mirror 8 is a metal 
film, the measurement should be carried out with 
the reflecting mirror spaced away from the object 3 

25 or with an insulating material (not shown) inter- 
posed between the reflecting mirror and the object 
3. 

The voltage detecting device 1 includes a light 
source 53, a polarizer 4 for extracting a light beam 
30 having a predetermined polarization component 
from the output light of the light source 53, two 
movable mirrors 5 and 6 for guiding the extracted, 
polarized„Jight„beam.„and_a„beam„splitter„7__fjO^ 



applying the light beam to the electro-optic material 

35 2. as an incident light beam, and for splitting an 
emergent light beam from the electro-optic material 
2. The device also includes an analyzer 9 for 
extracting a light beam having a predetermined 
polarization component from the emergent light 

40 beam which has been reflected by the beam split- 
ter 7 and changed in polarization, and a detector 
10 to which an emergent light beam from the 
analyzer 9 is applied. 

In the case where the light source 53 is a pulse 

45 light source, a photo-electric conversion element is 
utilized as the detector 10 to sample the intensity 
of the emergent light beam from the electro-optic 
material 2 to detect the voltage of the object under 
test. In the case where a CW light source is used 

so as the light source 53, a high-speed response 
detector such as a streak camera for observing the 
intensity of the emergent light beam as a streak 
image is employed as the detector 1 0. 

The output of the detector 10 is applied to a 

55 computer 11, where it is processed as required. 
The output of the computer 11 is stored in a 
memory (not shown), and is then displayed on a 
display unit 12 at the end of the voltage detecting 
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operation. 

In the above-described voltage detecting de- 
vice, the electro-optic material 2 is large enough to 
cover a plurality of measurement points (positions) 
on the object 3. In order to sequentially detect 
voltages provided at the plurality of measurement 
points on the object 3. the incident light beam is 
allowed to scan the electro-optic material 2 in the 
direction of the X-axis and in the direction of the Y- 
axis as shown in FIG. 3 while being focused on the 
object. 

The movable mirror 5 is provided to scan the 
electro-optic material 2 in the direction of the X- 
axis. and the movable mirror 6 is provided to scan 
the electro-optic material 2 in the direction of the Y- 
axis. More specifically, when it is determined by 
the computer 1 1 that a voltage at a measurement 
point on the object 3 has been detected, the mov- 
able mirrors 5 and 6 are driven by a drive circuit 
13 under control of the computer 11 so that the 
incident light beam scans-the electro-optic material 
in the direction of the X-axis and in the direction of 
the Y-axis. 

It is assumed that first the movable mirrors 5 
and 6 are so positioned that the incident light beam 
is applied to a point (x«, y«) on the electro-optic 
material as shown in FIG. 2. The refractive index of 
the part of the electro-optic material 2 which cor- 
responds to the point (x<, y-> is changed by the 
voltage of the object which is developed just below 
the point (x«. y-). Therefore/ the incident light 
beam- applied to the -point er, y-Hs-changed in 
polarization in accordance with the change in re- 
fractive index, and is then reflected by the reflect- 
ing mirror 8 so that it is applied, as an emergent 
light from the electro-optic material 2, to the beam 
splitter 7. The light beam is further applied through 
the analyzer 9 to the detector 10. The detector 10 
detects a voltage provided at the part of the object 
3 which is located just below the point (xi, y>) on 
the electro-optic material 2, and sends the voltage 
value to the computer 1 1 . In the computer 11, the 
voltage value is processed and stored in a memory 
(not shown). 

In order to detect a voltage provided at the part 
of the object 3 which is located ust below the next 
scanning point on the electro-optic material 2, the 
computer 1 1 controls the drive circuit 1 3 to change 
the position of the movable mirror 5. As a result, 
the movable mirror 5 is moved in the direction of 
the X-axis so that the incident light beam is applied 
to the next scanning point on the electro-optic 
material 2, and the voltage detection operation is 
carried out in the same manner. 

The movable mirror 5 is further repositioned in 
the direction of the X-axis until the incident light 
beam is applied to a point (x n , yo on the electro- 
optic material 2. When a voitage developed at the 
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part of the object 3 which is located ust below the 
point fx„. y.) is detected, the computer 11 controls 
the drive circuit 13 to change the positions of 
movable mirrors 5 anc 6 so that the electro-optic 
5 material 2 is scanned in the direction of the X-axis 
at a position y 2 on the Y-axis. As a result, the 
movable mirror 6 is positioned to hold the incident 
light beam at the position y 2 and the movable 
mirror 5 is moved to scan the incident light beam 
w at positions x- through x n successively. The volt- 
age detection operation is carried out in the same 
manner for the positions (x«,y 2 ) through (x n , y 2 ). 

The mirror 6 is eventually moved to hold the 
incident light beam at a position Ym on the Y-axis, 
is and the mirror 5 scans the incident light beam 
through positions x< through x n , successively, so 
that voltages developed at the parts of the object 
which are located just below the points (x-, y m ) 
through (x n , y m ) on the electro-optic material 2-are 
20 detected. Thus, the voltages at a plurality of parts 
of the object can be detected. At the end of the 
voltage detection, the detected voltage levels are 
stored in the memory of the computer 11 to be 
later displayed on the display unit 12. 
25 As is apparent form the above description, in 

the first example of the voltage detecting device of 
the invention, the electro-optic material 2 is fixedly 
held as it is scanned with the light beam so that 
the voltages developed at a number of parts of the 
30 object are detected. 

FIG. 4 shows a modification of the voltage 
detecting- device 1-s hown in FIG. 2. fn-the-vottage 
detecting device 20 shown in FIG. 4, as in the 
voltage detecting device 1 of FIG. 2, the electro- 
35 optic material 2 is stationary; however, it should be 
noted that the device 20 is different from the de- 
vice 1 in that the device 20 employs acousto- 
optical deflectors 21 and 22 instead of the movable 
mirrors 5 and 6 (FIG. 2). The acousto-optical de- 
40 f lectors 21 and 22 are driven by a drive circuit 23. 
which is controlled by a computer 1 1 , to deflect the 
fight beam in the direction of the X-axis and in the 
direction of the Y-axis, respectively. 

As in the voitage detecting device 1 shown in 
45 FIG. 2, the light beam is caused to scan the 
electro-optic material 2 in the direction of the X- 
axis and in the direction of the Y-axis while being 
focused thereon, so that voltages provided at a 
number of parts of the object 3 under test are 
so detected. 

FIG. 5 is an explanatory diagram showing the 
arrangement of a second example of the voltage 
detecting device according to the present inven- 
tion. In FIG. 5, those components which have been. 
55 previously described with reference to FIG. 2 or 4 
are similarly numbered. In the voltage detecting 
device of FIG. 5. the output light beam of the light 
source 53 is not deflected; instead, the electro- 

6 
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optic material 2 and the object 3 under test are 
moved in the direction of the X-axis and in the 
direction of the Y-axis so that the electro-optic 
material 2 is scanned th the light beam. That is, the 
voltage detecting- device of FIG. 5 employs none of 
the movable mirrors 5 and 6 or the acousto-optical 
deflectors 21 and 22! Instead, the drive circuit 31. 
which is controlled by the computer 11, drives 
motor tables 32 and 33 which move the object 3 
under test respectively in the direction of the X-axis 
and in the direction of the Y-axis. 

$ In the voltage detecting device 30, the electro- 
optic material 2 and the object 3 are moved in the 
direction of the X-axis and in the direction of the Y- 
axis, so that voltages developed at a number of 
parts of the object 3 are detected successively. In 
the above- described voltage detecting device 30, 
both the electro-optic material and the object 3 are 
nnoved; however, the same effect can be obtained 
by moving only the object 3. 

As described above, in the first or second 
embodiment of the voltage detecting device of the 
invention, the light beam is applied to the electro- 
optic material while being focused thereon, and the 
light beam is deflected by means of the movable 
mirrors 5 and 6 or the acousto-optical deflectors 21 
and 22. or the electro-optic material 2 and the 
object 3 are moved without deflection of the light 
beam, so that the electro-optic material 2 is 
scanned with the light beam to detect the voltages 
at a plurality of parts of the object 3. 

In the above-described voltage detecting de- 
vices. th e electro -o ptic material is scanned, in its 
entirety, in the direction of the X-axis and in the 
direction of the Y-axis. However, in the case where 
the parts of an object 3 to be scanned to determine 
the voltages are predetermined, the following meth- 
od may be employed: The positions of the parts of 
the object 3 are stored in memory in the computer 
1 1 in advance, and the light beam is applied to the 
parts of the electro-optic material 2 which cor- 
respond to the stored parts of the object 3. 

The voltages provided at a plurality of parts of 
the object can also be detected with higher accu- 
racy by using the following method. The light beam 
from the light source 53, after being reflected from 
the beam splitter 7, is received, as a reference light 
beam, by a photo-detector and converted into a 
voltage. The voltage is stored in the computer 11 
and compared with a signal provided by an emer- 
gent light beam from the electro-optic material to 
correct for fluctuations in intensity of the light 
source 53. 

FIG. 6 is an explanatory diagram showing the 
arrangement of another embodiment of the voltage 
detecting device according to the present inven- 
tion. 

As described above, the voltage detecting de- 
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vice 1 includes electro-optic material 2 held close 
to or in contact with an object 3 under measure- 
ment. The electro-optic material 2 is large enough 
to cover a plurality of two-dimentional parts (or 
points) of the object 3. A reflecting mirror 8 made 
of a metal or a dielectric multilayer fiim is formed 
on the bottom surface of the electro-optic material 
2. 

The voltage detecting device 1 further com- 
prises a pulse light source 104 for emitting a light 
beam with an extremely short pulse width, variable 
delay means 105 for variably delaying the output 
light beam of the pulse light source 104. an enlarg- 
ing optical system 106 for two-dimensionally en- 
larging the light beam delayed by the variable 
delay means into parallel rays of light, and a polar- 
izer 107 for extracting a predetermined polarization 
component from the parallel light beams. A beam 
splitter 110 applies the parallel, rays of light to the 
electro-optic material 2 and applies a part of the 
light beam to an image-forming optical system 109 
for voltage detection. Light reflected from the re- 
flecting mirror 8 formed on the bottom surface of 
the electro-optic material 2 passes through the 
image forming optical system 109 to a phase com- 
pensator 111 for adjusting the phase of an emer- 
gent light beam from the image forming optical 
system 109. An analyzer 112 transmits only a light 
beam having a predetermined polarization compo- 
nent, which is selected out of the emergent light 
beam that has been phase-adjusted by the phase 
compensator 111. A detector 113 receives the 
emer g ent lig ht bea m from the analyzer 1 12. 

As described above, the parallel rays of light 
applied to the electro-optic material 2 are two- 
dimensionally spread by means of the enlarging 
optical system 106. That is. they are applied to the 
electro-optic material 2 with uniform distribution, 
and the electro-optic material 2 is large enough to 
cover a plurality of two dimensional parts of the 
object 3. The parallel rays of light applied to the 
electro-optic material 2 with uniform distribution are 
changed in polarization with changes in the refrac- 
tive indexes of the two-dimensional parts of the 
electro-optic material 2, which correspond in posi- 
tion to the two-dimensional parts of the object 3. 
The reflected parallel rays of light emerge as rays 
of light (hereinafter referred to as "an emergent 
light beam", when applicable) from the electro- 
optic material 2. That is, the emergent rays of light 
from the electro-optic material 2 are equal in the 
area of distribution to the incident parallel rays of 
light (hereinafter referred to as "a parallel light 
beam", when applicable), and the changes in po- 
larization of the parts of the electro-optic material 2 
represent the voltages of the two-dimensional parts 
of the object 3, respectively. 

The phase compensator 1 1 1 adjusts the phase 
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of the emergent light beams to allow the polariza- 
tion component of the emergent light beam ex- 
tracted by the analyzer 112 to form a predeter- 
mined angle with the polarization component of the 
parallel iight beam extracted by the polarizer 107. 
For instance, the phase compensator 111 can 
make the polarization component of the emergent 
light beam extracted by the analyzer 112 parallel to 
or pendicular to that of the parallel light beam 
extracted by the polarizer 107. 

The detector 113 is a two-dimensional detector 
such as a CCD camera, photo-diode array or vidi- 
con camera. The detector 1 13 detects the intensity 
of an emergent iight beam from the analyzer 112 
so that voltages provided at two-dimensional parts 
of an object 3 under test are simultaneously de- 
tected from the changes in refractive index of the 
corresponding parts of the electro-optic material 2. 

In the case where the pulse light source 104 
and the two-dimensional detector 113 are used in 
combination, voltages at two-dimensional parts of 
an object 3 under test must change periodically in 
synchronization with the light pulse. The light beam 
emitted from the pulse light source 104 is split by 
the beam splitter 117 into two parts: one of the two 
parts is applied to the variable delay circuit 105 for 
the purpose of sampling measurement, whereas 
the other is applied to a detector 118 where it is 
subjected to photo-electric conversion. 

The output signal of the detector 118 is applied 
through a trigger circuit 119 to a drive circuit 129 
_ s °J nat the object 3 under_test is operated periodi- 
cally in synchronization with the light pulse. That is, 
voltages, which change repeatedly, are detected by 
sampling. This sampling operation is carried out by 
gradually delaying the output light beam of the 
pulse light source 104 with the variable delay 
means 105 that is controlled by a computer 114. 
The voltages at the two-dimensional parts of the 
object 3 are detected by the detector 113 with 
predetermined timing, and are then processed by 
the computer 114. The values of the voltages thus 
processed are stored in a memory (not shown). At 
the same time, the computer 114 controls the drive 
circuit 1 1 5 to drive the variable delay means 1 05 to 
delay the light beam from the pulse light source 
104, where y the sampling timing is somewhat 
shifted. Thus, the variations of the voltages at the 
two-dimensional parts of the object 3 under test 
can be detected. 

In the voltage detecting device 1 thus orga- 
nized, first the phase compensator 111 is adjusted 
so that the polarization component of the emergent 
rays of light extracted by the analyzer 112 is per- 
pendicular to the polarization component of the 
parallel rays of light extracted by the polarizer 107. 
Therefore, when the emergent rays of light from 
the electro-optic material 2 are the same in po- 



larization as the parallel rays of Ught applied to the 
electro-optic material 2 (when no voltage is applied 
to the electro-optic material 2), no emergent rays of 
light will pass through the analyzer 112. After the 
s phase compensator 1 1 1 has been adjusted m this 
manner, voltages at the two-dimensional parts of 
the object are detected. 

As described above, the electro-optic material 

2 is large enough to cover the two-dimensional 
iq parts of the object 3 under test. Therefore, the 

refractive indexes of the local parts of the eiectro- 
optic material 2 which correspond in position to the 
two-dimensional parts of the object 3. are changed 
by the voltages provided at the two-dimensional 

is parts of the object 3. Accordingly, the parallel rays 
of light applied uniformly to the electro-optic ma- 
terial 2 are changed in polarization by the vari- 
ations in refractive index of the two-dimensional 
parts of the electro-optic material 2 which cor- 

20 respond to the two-dimensional parts of the object 

3 under test, and are outputted as emergent rays 
of light from the electro-optic material 2. 

The emergent rays of light are applied through 
the beam splitter 1 10 and the image-forming op- 

25 tical system 109 to the phase compensator 111, 
where they are subjected to phase adjustment. The 
emergent rays of light thus processed are applied 
to the analyzer 1 12. The phase compensator m is 
adjusted so that the analyzer 112 transmits only 

30 the iight beam whose polarization component is 
perpendicular to the polarization component of the 
-polarizerJOT. Therefore, the emergent-ray s-of light 
applied to the analyzer 112 are made proportional 
in intensity to sin 2 [)ir,2)«Vjj.Vcl by the analyzer 

35 112, and are then applied to the detector 113. In 
the expression. Vj, is the voltage developed in the 
two-dimensional position of a part of the object 3 
under test, and Vc is the half-wave voltage pro- 
vided at the part. 

40 As is apparent from the above description, the 

emergent rays of light are affected by the vari- 
ations in refractive index of the two-dimensional 
parts of the electro-optic material 2 which are caus- 
ed by the variations in voltage of the corresponding 

45 two-dimensional parts of the object 3 unaer test. 
Accordingly, voltages provided at two-dimensional 
parts of an object 3 under test can be simulta- 
neously detected by the detector 113. 

When the voltages of the two-dimensional parts 

so of the object 3 are detected by the detector 113. 
the results of detection are stored in memory in the 
computer 114. In order to detect voltages with the 
following timing, the computer 114 controls the 
drive circuit 1 1 5 to drive the variable delay means 

55 105. as a result of which the output light beam of 
the pulse light source 104 is delayed as required. 
That is, the sampling timing is somewhat shifted 
and the voltage detecting operation is carried out in 
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the same manner. The variations in voltage of the 
parts of the object 3 are measured in the sampling 
mode as described above. The results of measure- 
ment are stored in memory in the computer 114. 
When the measurement is carried out for a certain s 
period of time, the computer 114 causes the dis- 
play unit 116 to display the results of measure- 
ment. Thus, the voltage detecting operation of the 
device is accomplished. 

In the voltage detecting device 1 of FIG. 6. the w 
pulse light source 104 and the two-dimensional 
detector 113, such as a CCD camera, photo-diode 
array, or vidicon camera, are used in combination 
t& detect the voltages by sampling which change 
periodically at two-dimensional parts of an object 3 75 
under test. However, the voltage detecting device 1 
cannot detect the voltage which does not change 
periodically. 

RG. 7 is an explanatory diagram outlining the 
arrangement of a part of a voltage detecting device 20 
that uses a streak camera to detect voltages at 
two-dimensional parts of an object under test. 

In the voltage detecting device 120 of FIG. 7, 
instead of the two-dimensional detector 113 (FIG. 
6) a bundle of optical fibers 121 is provided for 25 
guiding the emergent rays of light which have been 
passed through the phase compensator 111 and 
the analyzer 112. A streak camera 122 receives the 
guided emergent rays of light from the bundle of 
optical fibers 121. The device 120 of FIG. 7, may 30 
include a light source (nof shown) such as a pulse 
light source, or a CW light source. 

As is appa rent from FIG 7, the bund le of op- 

tical fibers transfers the two-dimensional arrange- 
ment of the emergent rays of ' light into a one- 35 
dimensional arrangement as the emergent rays of 
light are applied to a linear slit 123 of the streak 
comera 1 22. 

In the voltage detecting device 120, after the 
phase compensator 111 is adjusted, as in the case 40 
of the voltage detecting device 1 of FIG. 6. the 
parallel rays of light are applied to the electro-optic 
material 2 by the pulse light source or CW light 
source, and the rays of light that emerge from the 
electro-optic material 2 and are passed through the 45 
phase compensator 111 and the analyzer 112 are 
applied to the bundle of optical fibers 121. As 
described above, the bundle of optical fibers 121 is 
arranged one-dimensionally {or in a line) at the slit 
123 of the streak camera 122. Therefore, the volt- 50 
age data of the two-dimensional parts of the object 
3, being arranged one-dimensionally. are detected 
with high time resolution by the streak camera 122. 
In the case where the voltage detecting device 
employs a streak camera, it is unnecessary to use 55 
the variable delay means 105, and even a single or 
non-repetitive change in voltage of the object can 
be detected. 
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In the above-described embodiments, only vol- 
tages provided at two-dimensional parts of an ob- 
ject under test are detected, and displayed on the 
display unit 116. On the other hand, it would be 
convenient for the operator if the wiring pattern of 
an object 3 under test (such as an integrated 
circuit) is detected, and voltages provided at two- 
dimensional parts of the object were displayed in 
combination with the wiring pattern detected. 

FIG. 8 is an explanatory diagram of a voltage 
detecting device that can display voltages at two- 
dimensional parts of an object in combination with 
the wiring thereof. In FIG. 8. parts corresponding 
functionally to those that have been already de- 
scribed with reference to FIG. 6 are designated by 
the same reference numerals. 

In the voltage detecting device 30 of FIG. 8. in 
addition to the pulse light source 104, an observing 
light source 131 outputing a pulse light beam or 
CW light beam is provided to observe the wiring 
pattern of the- object 3 under test. The light beam 
outputted by the observing light source 131 is 
different in wavelength from that outputted by the 
pulse light source; that is, the output light beam of 
the pulse light source 104 is reflected by a dielec- 
tric multi-layer film mirror 132 formed on the bot- 
tom surface of the electro-optic material 2. The 
output light beam of the observing light source 131 
is transmitted through the dielectric multi-layer film 
mirror to the object 3. 

A desired one of the light beams emitted from 
the light sources 104 and 131 is selected by switch 
133 under contro l of the computer 114. In the 
observation of the wiring pattern of the object 3. 
the switch 1 33 selects the light beam outputted by 
the observing light source 131 so that it is applied 
through the electro-optic material 2 to the object 3 
under test. In detection of voltages provided at two- 
dimensional parts (or points) of the object 3, the 
switch 133 selects the output light beam of the 
pulse light source 104 so that it is applied to the 
electro-optic material 2. 

The phase compensator 111 is controlled by 
the computer 114. More specifically, in observing 
the wiring pattern of the object 3, the phase com- 
pensator 111 is adjusted so that the analyzer 112 
transmits the emergent light beam having the same 
polarization component as that of the polarizer 107. 
In detection of voltages provided at two-dimen- 
sional parts of the object 3, the phase compensator 
111 is ad usted so that the analyzer 1 1 2 transmits 
the emergent light beam whose polarization com- 
ponent is perpendicular to that of the polarizer 1 07. 

With the voltage detecting device 30 thus or- 
ganized, in order to observe the wiring pattern of 
the object 3 under test, the computer 1 14 controls 
the switch 133 to apply the output light beam of 
the observing light source 131, in the form of 
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parallel rays of light, to the surface of the object 3 
under test, and adjusts the phase compensator 1 1 1 
so that the analyzer 112 transmits the emergent 
light beam having the same polarization component 
as that of the polarizer 107. 5 

As a result, the output light beam of the ob- 
serving light source 131 is applied through the 
variable delay means 105. the enlarging optical 
system 106. the polarizer 107 and the beam splitter 
110. as parallel rays of light, to the electro-optic w 
material 2. and through the dielectric multi-layer 
film mirror 132 to the surface of the object 3. 
Depending on the wiring pattern on the surface of 
the object 3 and the material of the latter, some of 
the parallel rays of light are reflected and applied is 
through the dielectric multi-layer film mirror 132. 
the electro-optic material 2. the beam splitter 110. 
the image-forming optical system 109 and the 
phase compensator 111. as emergent rays of light, 
to the analyzer 1 12. As described above, the phase 
compensator 111 is adjusted so that the analyzer 
112 transmits the emergent light beam having the 
same polarization component as that of the polar- 
izer 107. Therefore, the emergent rays of light 
applied to the analyzer 112 pass through the ana- 
lyzer 112 and are applied to the two-dimensional 
detector 113. such as a CCD camera. The emer- 
gent light beam applied to the detector 113 has the 
visible image data of the wiring pattern on the 
surface of the object 3. Therefore, the emergent 
light beam is subjected to photo-electric conversion 

-in-the detector 113. -to provide the -visible -image 

data of the wiring pattern. The visible image data is 
stored in a memory (not shown) in the computer 
114. 

After the visible image data of the wiring pat- 
tern of the object 3 has been stored as described 
above, the computer 114 initializes the variable 
delay means 105 and controls the switch 133 so 
that the output light beam of the pulse light source 40 
104 is applied, as parallel rays of light, to the 
electro-optic material 2. The computer 114 further 
controls the phase compensator 111 so that the 
analyzer 112 transmits emergent rays of light hav- 
ing a polarization component perpendicular to that 45 
of the polarizer 107. Under this condition, voltages 
provided at two-dimensional parts of the object 3 
under test are detected simultaneously. In this op- 
eration, the output light beam of the pulse light 
source 104 is applied, as parallel rays of light, to so 
1 the electro-optic material 2. The parallel rays of 
light are reflected by the dielectric multi-layer film 
mirror 132 and are changed in polarization with the 
variations is refractive index of the electro-optic 
material 2, thus being applied, as emergent rays of 55 
light, to the phase compensator 111 and the ana- 
lyzer 112. Only the emergent rays of light having 
the predetermined polarization component pass 
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through the analyzer 112 and are applied tc the 
two-dimensional detector 113. In the detector 113, 
the voltages of the two-dimensional parts of the 
object 3 detected with the timing set by the vari- 
able delay means 105 are simultaneously detected 
by sampling. The results of voltage detection with 
one timing are supplied to the computer 114. 
where they are stored in the memory. Then, the 
results of detection of the voltages at the two- 
dimensional parts of the object 3 under test are 
displayed on the display unit 116 being super- 
posed on the previously-stored visible image data 
of the wiring pattern of the object 3. 

FIG. 9(a) shows the results of the detection of 
voltages provided at two-dimensional parts of an 
object 3 at one sampling timing which are dis- 
played on the display unit 116 in a manner super- 
posed on the wiring pattern of the object 3. More 
specifically, in FIG. 9(a). a two-dimensional voltage 
distribution as indicated at G1. G2 and G3 is shown 
superposed on the wiring pattern WF of the object 
3. 

After the results of detection of the voltages 
made with one sampling timing are displayed in 
superposition on the wiring pattern, the computer 
114 controls the drive circuit 115 to drive the 
variable delay means 105, so that the delay of the 
output light beam of the pulse light source 104 is 
changed, and the sampling timing is somewhat 
changed. Under this condition, the voltage detect- 
ing operation and the display of the results of 
detection-of voltages a r e car ri ed o at~tn-trTe~same ~ 
manner. 

FIG. 9(b) shows the voltages of the two-dimen- 
sional parts of the object 3 which are detected with 
a slightly shifted sampling timing which are dis- 
played by being superposed on the wiring pattern 
of the object 3. In other words, the voltage distribu- 
tions indicated at G1 . G2 and G3 in FIG. 9(a) are 
changed to G1 G2' and G3'. respectively, in FIG 
9(b). 

As is apparent from FIGS. 9(a) and 9(b) with 
the voltage detecting device 30 of FIG. 8, the 
variation of the voltage distribution over the wiring 
pattern of the object 3 can be visually detected by 
means of the display unit 116. In this manner, the 
results of detection of the voltages provided at two- 
dimensional parts of an object under test can be 
read with ease. 

FIG. 10 is an explanatory diagram showing yet 
another embodiment of a voltage detecting device 
according to the present invention. In the voltage 
detecting device 1 of FIG. 10. an electro-optic 
material 2 is also fixedly positioned in such a 
manner that it is close to or in contact with an 
object 3 under measurement. As in the other em- 
bodiments, the electro-optic material 2 is large 
enough to cover a plurality of two-dimensional 
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parts of the object 3, and a reflecting mirror 8 of 
metal or dielectric multi-layer, film is formed on the 
bottom surface of the electro-optic material 2. 

The voltage detecting device 1 comprises a 
polarizer 204, for extracting a predetermined po- 5 
.larization component from a light beam BM emitted 
by a light source (not shown), and a micro-lens 
array 205 for dividing the light beam, which has the 
polarization component extracted by the polarizer, 
into a number of rays of light BMjj arranged in jo 
matrix form (a checked pattern). A beam splitter 
206 is provided to apply the number of rays of light 
BMjj to the electro-optic material 2 and to reflect a 
number of emergent rays of light SGij arranged in 
matrix form, which are outputted from the electro- J 5 
optic material 2 after being reflected from the re- 
flecting mirror 8 formed on the bottom surface of 
the electro-optic material 2. The emergent rays of 
light SGjj are transmitted toward an analyzer 207 
that transmits only the emergent rays of light SGjj 20 
having a predetermined polarization component. A 
detector 209 receives the emergent rays of light 
that pass through the analyzer 207. 

The micro-lens array 205 is made up of a 
plurality of first rod lenses 210 arranged in a first 25 
direction, and a plurality of second rod lenses 21 1 
arranged in a second direction perpendicular to the 
first direction and laid over the first rod lenses 210 
such that a light beam applied thereto is divided 
into rays of light arranged in matrix form. 30 

The detector 209 comprises a two-dimensional 
photo-detector such as a CCO camera, photo-diode 

. ... array ,-or_vidicon . cam era ,_or a highrspeed_response 

detector such as a streak camera. 

In the voltage detecting device 1 of FIG. 10, 35 
the electro-optic material 2 is large enough to cov- 
er a plurality of two-dimensional parts of the object 
3 under test, so that the two-dimensional parts of 
the electro-optic material which correspond in posi- 
tion to the two-dimensional parts of the object 3 are 40 
changed in polarization by voltages provided at 
corresponding two-dimensional parts of the object 
3. Accordingly, when the rays of light BM^ ar- 
ranged in matrix form and having the predeter- 
mined polarization component pass through the 45 
parts of the electro-optic material 2, they are 
changed in polarization by the variations in refrac- 
tive index of the parts of the electro-optic material 
2 and are outputted, as emergent rays of light, 
from the electro-optic material 2. The emergent 50 
rays of light are applied to the analyzer 207 by 
means of the beam splitter 206. In the case where 
the analyzer 207 iB designed to transmit only a 
light beam having a polarization component that is 
perpendicular to the polarization component of the 55 
polarizer 204, the emergent rays of light SGq 
changed in polarization are made proportional in 
intensity to sin 2 [(w/2)«Vij/Vo] by the analyzer 207 
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and are then applied to the detector 209. In the 
expression, V,j is the voltage provided at any one 
of the two-dimensional matrix parts of the object 3 
under test, and V 0 is the half-wave voltage. 

As is apparent from the above description, the 
emergent rays of light depend in intensity on the 
variations in refractive index of the matrix parts of 
the electro-optic material 2 which are caused by 
the voltages provided at the corresponding matrix 
parts of the object 3. Therefore, voltages provided 
at two-dimensional matrix parts of ail the two-di- 
mensional parts (points) of an object under test 
such as an integrated circuit can be detected si- 
multaneously. 

In the above-described example of the voltage 
detecting device according to the present inven- 
tion, the micro-lens array 205 is used to form a 
number of rays of light BM fJ arranged in matrix 
form, and the rays of light thus formed are applied 
to the electro-optic material 2 to detect the voltages 
provided at the two-dimensional matrix parts of the 
object. In some instances, it is desirable that vol- 
tages provided at predetermined two-dimensional 
parts of an object 3 under test be detected. 

FIGS. 11. 12 and 13 are explanatory diagrams 
showing three additional embodiments of the volt- 
age detecting device according to the present in- 
vention which can detect voltages provided at giv- 
en two-dimensional parts of an object under mea- 
surement. In FIGS. 11,12 and 13, parts correspond- 
ing functionally to those which have been de- 
scribed with reference to FIG. 10 are designated by 
the same ref erence numerals or characters. j 

In the voltage detecting device 1 of FIG. 11, a 
plate-shaped mask 212 is disposed between the 
micro-lens array 205 and the beam splitter 206. the 
mask 212 has a number of holes 213 arranged in 
matrix form. Some of the holes 213 are closed to 
provide a desired light beam pattern, with the mask 
212, only desired rays of light are applied to the 
electro-optic material 2 to detect voltages at de- 
sired two-dimensional parts of the object 3. 

In the voltage detecting device 20 of FIG. 12, 
instead of the micro-lens array 205, a holographic 
lens 221 is used to focus the light beam on only 
predetermined two-dimensional parts (io, jo), (ii. jo), 
(io, ji) and (h.Ji) of * he electro-optic material 2. If, 
in this connection, the distance between the holo- 
graphic lens 221 and the electro-optic material 2 is 
increased, and the distances between the electro- 
optic material 2 and the beam splitter 206 and the 
detector 209 are decreased, then a satisfactory 
optical system can be obtained. 

In the voltage detecting device, the light beam 
BM having the predetermined polarization compo- 
nent is applied to the holographic lens 221 by 
means of the polarizer 204, so that the holographic 
lens 221 provides reproduced images HGl through 
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HG4 according to its hologram record. These re- 
produced images HG1 through HG4 are applied 
through the beam splitter 206. as incident rays of 
light, to predetermined two-dimensional part fic, jo), 
(i-. jc), fio, j-) and (h. j«) of the electro-optic ma- 
terial, respectively. The reproduced images, name- 
ly, rays of light HG« through HG* applied to those 
two-dimensional parts of the electro-optic material 

2 are changed in polarization by the refractive 
indexes of the two-dimensional parts of the electro- 
optic material 2 which are changed by voltages 
provided at the two-dimensional parts of the object 

3 that are just below the two-dimensional parts or 
the electro-optic material 2, The incident rays of 
light HG« through HG*. which have been changed 
in polarization, are outputted as emergent rays SGi 
through SGa. from the electro-optic material 2. 
These emergent rays of light SGI through SG<. are 
applied through an image-forming optical System 
222 and the analyzer 7 to the detector 209 by 
means of the beam splitter 206, whereby the vol- 
tages at the two-dimensional part of the object 3 
can be detected. By changing the hologram record 
of the hologrpahic lens 221. voltages at desired 
two-dimensional parts of the object 3 can be read- 
ily detected. 

In the voltage detecting device 230 of FIG. 13, 
instead of the micro-lens array 205, a spatial light 
modulator 231 is used. 

The spatial optical modulator 231 is so des- 
ignated that when an input image IG is applied to 

its jnpuL surf ace 232, _a_!ight j3eAm_,appIie.d__to_its_ 

output surface is outputted, in a pattern corre- 
sponding to the input image IG. from the output 
surface 233. In other words, when a light beam BM 
having a predetermined polarization component, 
which has been extracted by a polarizer 234, is 
applied through a beam splitter 235 to the output 
surface 233 of the spatial light modulator 231, the 
light beam BM is reflected, in a pattern corre- 
sponding to the input image IG, from the spatial 
optical modulator 231. The light beam thus re- 
flected is applied through the beam splitter 235 to 
the polarizer 204, where a predetermined polariza- 
tion component is extracted. The light beam thus 
treated is applied through a reducing optical sys- 
tem 236 and the beam splitter 206 to the electro- 
optic material 2. 

When, in the voltage detecting device 30 thus 
organized, an input image IG consisting of image 
parts IG' through IGs is applied to the input sur- 
face 232 of the spatial light modulator 231, then the 
light beam is reflected, in a pattern corresponding 
to the image parts IGt through IGs, from the output 
surface 233 of the spatial optical modulator 231. 
and applied, as incident rays of light, to the cor- 
responding two-dimensional parts Pi through P& of 
the electro-optic material. As described above, 



when the light beam is applied to the polarizer 204, 
the predetermined polarization component is ex- 
tracted. The incident rays of light are changed in 
polarization by the refractive indexes of the two- 

5 dimensional parts P- through P 5 by the variation in 
refractive index of the two-dimensional parts P« 
through P 5 of the electro-optic material 2 which are 
caused by the voltages provided at the two-dimen- 
sional parts Pi through P 5 of the electro-optic 

w matenal 2, and are then outputted as emergent 
rays of light from the electro-optic material 2. The 
emergent rays of light from the electro-optic ma- 
terial 2 are applied through the analyzer 207 to the 
detector 209 by means of the beam splitter 206. so 

?5 that the voltages at the two-dimensional parts of 
the object 3 which correspond to the parts IG- 
through IG? of the input image IG, respectively, can 
be detected. Since the pattern of the input image 
IG can be changed freely, voltages at given two- 

20 dimensional parts of the object 3 can be detected. 

In the above-described additional embodiments 
of the voltage detecting device of the present in- 
vention, the incident rays of light can be applied to 
selected two-dimensional parts of the electro-optic 

25 material 2. and voltages provided at the object 3 
can be detected simultaneously. 



Claims 

30 

1 . A voltage detecting device for detecting vol- 
tages_in_an_object to be_measured. comprising: 

an electro-optic material to be disposed to cover a 
plurality of positions of the object to be measured. 
35 and having a refractive index which varies accord- 
ing to a voltage applied thereto; 
a light source for emitting a light beam through 
said electro-optic material toward the object to be 
measured: 

40 scanning means for scanning said light beam emit- 
ted by said light source over a plurality of parts on 
said electro-optic material corresponding to said 
plurality of positions of the object to be measured; 
and 

45 detecting means for receiving an emergent light 
beam which emerges from said electro-optic ma- 
terial to detect voltages at said plurality of positions 
of the object to be measured according to changes 
in polarization of said emergent light beam caused 

so by changes in said refractive index of said electro- 
optic material. 

2. A voltage detecting device according to 
claim 1, wherein said scanning means includes 
deflecting means for deflecting said light beam 

55 emitted by said light source across said electro- 
optic material. 



12 



BNSDOCID: <EP 0299432A2J_> 




EP 0 



3. A voltage detecting device according to 
claim 1, wherein said scanning means includes 
moving means for moving said object to be mea- 
sured and said electro-optic material in a plurality 
of directions. 

4. A voltage detecting device according to 
claim 1, wherein said light beam applied to said 
electro-optic material is focused thereon. 

5. A voltage detecting device according to 
claim 1, wherein said detecting means is a high- 
speed response detector. 

6. A voltage detecting device according to 
claim 5, wherein said high-speed response detector 
is a streak camera. 

7. A voltage detecting device for detecting vol- 
tages in an object to be measured, comprising: 

an electro-optic material to be disposed to cover a 
plurality of two-dimensional positions of the object 
to be measured and having a refractive index that 
varies according to a voltage applied thereto; 
means for emitting a parallel light beam toward 
each of a plurality of two-dimensional parts on said 
electro-optic material corresponding to said plural- 
ity of two-dimensional positions of the object; and 
detecting means for detecting changes in polariza- 
tion of a emergent light beam emerging from said 
plurality of two-dimensional portions of said electro- 
optic material. 

8. A voltage detecting device as claimed in 
claim 7, wherein said emitting means includes a 
pulse light source short in pulse width and said 
detecting means is formed by a two-dimensional 
photo-electric conversion detector for 
sampling/detecting changes in voltage at said plu- 
rality of two-dimensional position of the object by 
shifting a timing of application of said light beam to 
said electro-optic material. 

9. A voltage detecting device as claimed in 
claim 7, in which said emitting means ig formed by 
one of a CW light source and a pulsed light source 
and said detecting means is formed by a high- 
speed response detector, and further comprising: 

a bundle of optical fibers arranged to convert a 
two-dimensional arrangement of said emergent 
light beam into a one-dimensional arrangement 
thereof to guide said emergent light beam into said 
high-speed response detector. 

10. A voltage detecting device as claimed in 
claim 9, in which said high-speed response detec- 
tor is a streak camera. 

11. A voltage detecting device as claimed in 
claim 7, further comprising: 

a reflecting mirror formed on a bottom surface of 
said electro-optic material, said reflecting mirror is 
made of one of metal and dielectric multi-layer film. 

12. A voltage detecting device for detecting 
voltages in an object to be measured, comprising: 
an electro-optic material disposed to cover a plural- 
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ity of two-dimensional positions of the object to be 
measured and having a refractive index that varies 
according to a voltage applied thereto; 
a pulse light source means for emitting a pulse 
5 light beam having a short pulse width in parallel 
through said electro-optic material toward the ob- 
ject to be measured; 

an observing light source means for emitting a light 
beam different in wavelength from said pulse light 

10 beam through said eiectro-optic material toward the 
object to be measured for observation of a wiring 
pattern in the object to be measured; 
switching means for selecting one of said pulse 
light beam and said light beam to be applied to 

75 said eiectro-optic material; 

detecting means which receives an emergent light 
beam which emerges from said electro-optic ma- 
terial for detecting voltages in the object to be 
measured based on changes in polarization of said 

20 emergent light beam caused by changes in said 
refractive index of said electro-optic material, and 
for detecting the wiring pattern in the object to be 
measured; 

a phase compensator means for adjusting the 
25 phase of said emergent light beam to.a different 
phase between for detection of changes in po- 
larization of said emergent light beam and for ob- 
servation of the wiring pattern; 
display means for displaying the voltages at said 
30 plurality of two-dimensional positions of the object 
detected by said detecting means together with the 
wiring pattern in the object detected by said de- 
tecting means, the former being superimposed on 
the latter; and 

35 variable delay means for shifting emitting timing of 
said pulse light beam to said electro-optic material 
for sampling-measurement of changes in voltages 
at said plurality of two-dimensional positions of the 
object to be measured. 

40 13. A voltage detecting device as claimed in 

claim 12, further comprising a dielectric multi-layer 
film mirror formed on the bottom surface of said 
electro-optic material for transmitting said light 
beam from said observing light source means and 

45 reflecting said pulse light beam from said pulse 
light source means. 

14. A voltage detecting device as claimed in 
claim 12, wherein said phase compensator means 
adjusts the phase of said emergent light beam so 

so as to apply said emergent light beam to said 
detecting means as it is when the wiring pattern is 
observed, and to extract said emergent light beam 
which is subjected to changes in polarization from 
said emergent light beams which emerge from said 

55 electro-optic material to apply the former to said 
detecting means when the voltages in the object to 
be measured is detected. 
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15. A voltage detecting device for detecting 
voltages in an object to be measured, comprising: 
an electro-optic material disposed to cover a plural- 
ity of positions of the object to be measured, and 
having a refractive index that varies according to a 5 
voltage applied thereto; 

light source means for emitting a light beam 
through said electro-optic material toward the ob- 
ject to be measured: 

optical means for dividing said light beam into a ro 
plurality of incident rays of light arranged in a 
predetermined pattern, said plurality of incident 
rays, of light being applied to specific portions of 
said 'electro-optic material corresponding to specific 
positions of the object to be measured; and is 
detecting means which receives an emergent light 
beam which emerges from said electro-optic ma- 
terial for detecting voltages at said specific posi- 
tions of the object to be measured based on 
changes in polarization of said emergent light 20 
beam caused by changes in said refractive index 
of said electro-optic material. 

16. A voltage detecting device as claimed in 
claim 15. in which said optical means comprises a 
micro-lens array for dividing said light beam into 25 
said plurality of incident rays of light arranged in a 
lattice pattern. 

17. A voltage detecting device as claimed in 
claim 1 5, in which said optical means comprises a 
micro-lens array and a plate-shaped mask dis- 30 
posed over said micro-lens array for dividing said 
light _beam jnto_ _said^iur_ality_ol incident„rays . of . 
!ight arranged in said predetermined pattern. 

18. A voltage detecting device as claimed in 
claim 15, in which said optical means includes a 35 
holographic lens for dividing said light beam into 

said plurality of incident rays of light arranged in 
said predetermined pattern. 

19. A voltage detecting device as claimed in 
claim 15, in which said optical means includes a 40 
spatiai light modulator for dividing said light beam 

into said plurality of incident rays of light arranged 
in said predetermined pattern corresponding to an 
input image thereof. 

20. A voltage detecting device as claimed in 45 
claim 15, in which said light source means is a 
pulse light source and said detecting means is a 
two-dimensional detector including photo detector 
array in which voltages at said specific positions of 

the object to be measured is detected by sampling. 50 

21. A voltage detecting device as claimed in 
claim 15, in which said light source is one of a 
pulse light source and a CW light source and said 
detecting means is a high-speed response detec- 
tor. 55 

22. A voltage detecting device as claimed in 
claim 21 , in which said high-speed response detec- 
tor is a streak camera. 
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© A voltage detecting device for detecting voltages 
in an object under test including an electro-optic 
material covering a plurality of parts of the object 
under test; the refractive index of the electro-optic 
material being variable according to an applied volt- 
„age. A light source emits light through the electro- 
2 optic material toward the object under test and a 
detecting device receives an emergent light beam 
W reflected from within the electro-optic material in 
2 order to detect voltages in the object. Further, a 
scanning device automatically scans the object un- 
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